We present an examination of the kinematics and stellar populations of a sample of 3 Brightest Group Galaxies (BGGs) and 3 Brightest Cluster Galaxies (BCGs) in X-ray groups and clusters. We have obtained high signal-to-noise Gemini/GMOS (Gemini South Multi-Object Spectrograph) long-slit spectra of these galaxies and use Lick indices to determine ages, metallicities and α-element abundance ratios out to at least their effective radii. We find that the BGGs and BCGs have very uniform masses, central ages and central metallicities. Examining the radial dependence of their stellar populations, we find no significant velocity dispersion, age, or α-enhancement gradients. However, we find a wide range of metallicity gradients, suggesting a variety of formation mechanisms. The range of metallicity gradients observed is surprising given the homogeneous environment these galaxies probe and their uniform central stellar populations. However, our results are inconsistent with any single model of galaxy formation and emphasize the need for more theoretical understanding of both the origins of metallicity gradients and galaxy formation itself. We postulate two possible physical causes for the different formation mechanisms.
INTRODUCTION
Large, bright, elliptical galaxies are found at the centres of most galaxy clusters. These brightest cluster galaxies (BCGs) are the most luminous stellar systems known, yet their intrinsic luminosities are remarkably uniform. Their luminosity and photometric uniformity mean that they do not appear to be the bright extension of the luminosity function of other cluster galaxies (Bernstein & Bhavsar 2001) . The position of these galaxies at the centre of clusters and their unique properties link their formation and evolution to that of their environment. However, the mechanisms behind their growth are still poorly understood. Hierarchical models of galaxy formation (e.g. de Lucia & Blaizot 2006; henceforth dLB) suggest that these most massive galaxies should have assembled more recently than other galaxies, with those in the densest environments of galaxy clusters being at a later stage in their evolution to those in the lower density environments of galaxy groups. Understanding the processes by ⋆ E-mail: sbrough@astro.swin.edu.au which these galaxies form and evolve is, therefore, vital to the understanding of how both galaxies and clusters form and subsequently evolve.
The studies of Collins & Mann (1998) , Burke et al. (2000) and Brough et al. (2002) compared the K-band properties of BCGs with the X-ray luminosities of their host clusters. Near-infrared luminosities are dominated by longlived stars, such that these wavebands are more sensitive to the underlying stellar mass of galaxies than shorter wavelengths. Cluster X-ray luminosity is directly proportional to the square of the density of the intra-cluster medium and provides a quantitative and objective measure of environmental density. Brough et al. (2002) observed that BCGs in the most X-ray luminous clusters (LX > 1.9 × 10 44 erg s −1
[0.3−3.5 keV]) have uniform absolute magnitudes (after correction for passive evolution) over redshifts 0.02 < z < 0.8. This suggests that they have not experienced any significant stellar mass evolution, beyond that expected for passive evolution, since a redshift ∼ 1. In contrast, the absolute magnitudes of BCGs in less X-ray luminous clusters show significant scatter suggesting that they have increased their mass by up to a factor ∼ 4 over the same timescale. An analysis of the structure of the low-redshift (z < 0.1) BCGs adds further evidence of environmentally dependent evolution: BCGs in high-LX clusters have larger radii with fainter mean surface brightnesses than those in low-LX clusters (Brough et al. 2005) . This suggests that the BCGs in high-LX clusters have undergone more accretion than those in low-LX clusters. Taken together with the analysis of the magnitudes, these results suggest that BCGs in high-mass clusters assembled their stellar mass at redshifts > 1 (i.e. ∼ 8 Gyrs ago), and have been passively evolving since, in contrast to BCGs in low-mass clusters which appear to still be in the process of assembling today. This picture is consistent with models of hierarchical structure formation. Another important prediction of the hierarchical structure formation model is that BCGs originate in groupswhere they are the brightest group galaxies (BGGs), generally observed to be large ellipticals (Zabludoff & Mulchaey 1998; Osmond & Ponman 2004; Brough et al. 2006) . As the groups fall into clusters, the BGG sinks to the bottom of the potential well by dynamical friction and merges with the central galaxy. In Brough et al. (2006) we found that, while the luminosity of the BGG correlates with its total group luminosity, the fraction of group luminosity contained in the BGG decreases with increasing total group luminosity. This suggests that BGGs themselves grow in step with their host group, but at a slower rate than the group.
These observations give indirect evidence for the hierarchical structure formation paradigm with BCGs in low-mass clusters having undergone accretion events since z ∼ 1, possibly from mergers with infalling BGGs. However, confirming the paradigm requires direct evidence that BCGs have undergone mergers. We can use the predictions of dLB to do this in a quantitative fashion. Their study uses merger trees from the Millennium cosmological N-body simulation (Springel et al. 2005) as an input for their semi-analytic model which includes a model for the suppression of cooling flows by AGN feedback. The model is described in more detail in . dLB predict that the stars that will end up in the BCG form at high redshift (with 50 per cent of the stars having formed by z ∼ 5, i.e. they are now 12.5 Gyrs old), the BCGs then evolve through the accretion of old, passive galaxies of mass > 10 10 M⊙, with ∼ 50 per cent of the mass of the eventual BCG not assembling until z ∼ 0.5, i.e. ∼ 5 Gyrs ago. The late mergers are not predicted to significantly change the ages or metallicities of the BCGs because the progenitor galaxies are predicted to be massive, old, metal-rich, gas-poor galaxies themselves. dLB also show that the BCG mass grows in step with the growth in mass of the cluster. We therefore assume that observing BCGs in clusters with a range in mass (down to group-sized systems) is equivalent to observing them at different stages in their evolutionary history.
The stellar populations of galaxies provide us with a means by which to determine their evolutionary histories. The populations are a result of many factors including the efficiency of star formation, gas fraction, gas dissipation and possible interactions with other galaxies. This information should leave imprints in the radial distributions of these populations and the different models of galaxy formation make different predictions of the radial dependence of the stellar populations:
In classic models of dissipative collapse (e.g. Eggen et al. 1962; Larson 1974; Carlberg 1984; Arimoto & Yoshii 1987) , stars form during the collapse and remain in their orbits, while gas dissipates to the centre of the galaxy, being continually enriched by the evolving stars as it does so. This results in stars in the centres of galaxies being more metal-rich than those in the outer regions. In the models the degree of dissipation is controlled by the size of the potential well. The continuous enrichment by evolving stars means that the centres are less α-element enhanced (i.e. the ratio of the abundance of α-elements to the abundance of iron-peak elements is > solar; Thomas et al. 2003) than the outer regions, unless the collapse, and star formation, occur over very short timescales. The observed central α-element enhancement ratios in galaxies require collapse times 1 Gyr (Arimoto & Yoshii 1987; Matteucci 1994) . More recent numerical models of dissipative collapse (e.g. Martinelli et al. 1998; Chiosi & Carraro 2002; Kawata & Gibson 2003) show that the observed chemical abundances can be obtained by assuming that metallicity gradients are established by the onset of a galactic wind which varies depending on the local depth of the potential well. Dissipative collapse, therefore predicts strong negative metallicity gradients (i.e. metallicity decreases with increasing radius) that correlate with galaxy mass (Chiosi & Carraro 2002; Kawata & Gibson 2003) , negative α-element enhancement gradients, and small positive to null age gradients (due to the speed of the collapse).
Simulations of the hierarchical formation of galaxies (e.g. dLB, ) predict that massive elliptical galaxies are produced by mergers. Early numerical simulations of the properties of merger remnants suggested that mergers lead to a flattening of the metallicity gradients (White 1980) . However, van Albada (1982) suggested that the gradients of the progenitor galaxies are not heavily affected as violent relaxation preserves the position of the stars in the local potential. More recent simulations including gas physics suggest that the gradients of the remnant depend on the amount of gas present in the merger. The predicted signatures of gaseous (dissipative) mergers are qualitatively similar to the dissipative collapse models described above as a significant fraction of the gas in the progenitor galaxies is funnelled towards the central regions of the merger remnant, resulting in a starburst (Barnes 1991) . Starbursts can also produce metallicity gradients, although those produced by Bekki & Shioya (1999) in their dissipative merger simulation are shallower than those found for dissipative collapse models. Kobayashi (2004) simulated the formation of ellipticals in a cold-dark matter cosmology, examining the effects of dissipative collapse, and dissipative and dissipationless mergers on the chemodynamical evolution of ellipticals. She found that galaxies of given mass had steep metallicity gradients if formed by collapse and shallower gradients (a few Gyrs after the merger) if formed by a major merger (dissipative or not). Therefore, hierarchical galaxy formation models predict negative metallicity gradients that are shallower than those predicted by dissipative collapse models. Depending on the duration and location of the starburst and the original α-element enhancement of the gas, the resulting α-element enhancement ratio and age gradients of the merger remnant can be either positive or negative (e.g. Thomas & Kauffmann 1999) If environment has an effect on the star formation, the number of interactions a galaxy undergoes, or the dissipation of gas within the galaxy's potential well, we would expect to see an environmental dependence on the inferred stellar population gradients.
The theoretical models indicate that the radial structure of a galaxy provides a fossil record of its evolutionary history. Therefore, studying the radial kinematics and stellar populations of BGGs and BCGs and their dependence on environment will enable us to determine their merger history. If the predictions of dLB are correct we would expect to see evidence of dissipationless mergers in these galaxies; i.e. little dependence of metallicity on system mass and no evidence of star formation in the last 5 Gyrs. As the BCGs are predicted to be at a later stage of their evolution than the BGGs, we would also expect evidence that the BCGs have undergone more mergers than the BGGs. This would predict, for example, shallower metallicity gradients in the BCGs and the velocity dispersions of the BGGs/BCGs increasing with increasing group/cluster mass.
There have been few studies of the kinematics and stellar populations of BCGs and fewer that are spatially resolved to enable a study of radial trends. Forbes et al. (2001) found the BCG in the Fornax cluster, NGC 1399, to be old (10 ± 2 Gyrs). In studies of radial gradients, Gorgas et al. (1990) found that the Mg2 gradients of 3 BCGs are shallower than the mean gradient of normal ellipticals, suggesting that BCGs have undergone more mergers than normal elliptical galaxies. In contrast, Davidge & Grinder (1995) found the D4000 gradients of 6 BCGs to be steeper than for non-BCGs, suggesting that BCGs experienced dissipative collapse and cannot have formed solely through mergers with passive galaxies. The study of 13 BCGs by Fisher et al. (1995a) found that the velocity dispersion profiles of BCGs were similar to those in normal elliptical galaxies. Fisher et al. (1995b) examined the line strengths of 9 of the 13 BCGs presented in Fisher et al. (1995a) and found that BCGs follow the same Mgb -velocity dispersion (∼ metallicity -mass) and [Mg/Fe] -velocity dispersion (∼ α-element enhancement -mass) relationships as normal elliptical galaxies. The Hβ gradients of their sample are flat, and combined with declining Mgb gradients, suggest that BCGs are younger in their centres than in their outer regions. Carter et al. (1999) found similar results in their sample of 3 BCGs. Mehlert et al. (2003) calculated stellar population gradients for the two cD galaxies in the Coma cluster, finding shallow age gradients, shallow metallicity gradients, and no α-element enhancement ratio gradients, consistent with their results of other early-type galaxies in Coma. The results from metallicity gradients are clearly contradictory while the other relationships are generally consistent with BCGs sharing similar properties and, therefore, a similar evolutionary history, to normal early-type galaxies. However, these samples only cover a limited environmental range and only a few studies have data that extend to the effective radius (re; the radius containing half the light) of these galaxies.
In this paper we test whether BCGs evolve hierarchically by examining high signal-to-noise, Gemini long-slit spectra for a sample of 3 BGGs and 3 BCGs in X-ray groups and clusters spanning an unprecedented range in Xray luminosity and hence environmental density (10 40 < LX ergs −1 < 10 45 ). Our aim is not to compare BGGs with BCGs; instead we are using the range in system X-ray luminosity to observe these galaxies at different stages in their evolutionary history. Observing the same systems over a range of look-back times would require going to redshifts that are too high for a detailed stellar population analysis to be conducted. However, we do note that it is possible that these galaxies are at different stages of their evolution and also in different environments. If this is so then we might expect the properties of BGGs and BCGs to show scatter in their relationships and not to depend on their environment. We build on previous studies by examining galaxies in a wider range of environments and by measuring their spectral properties out to at least 1 effective radius. We also use the multi-index χ 2 -fitting technique of Proctor & Sansom (2002; see also Proctor et al. 2004a see also Proctor et al. ,b, 2005 to measure their stellar populations. The rationale behind this technique is that all the indices defined in the Lick system have some sensitivity to both age and metallicity. Using them all together, in conjunction with the best available single stellar population (SSP) models, overcomes uncertainties in both the data reduction and from the SSP models themselves. Proctor et al. (2004b) demonstrate that this method is significantly more reliable than the more widely-used technique of using only single or a few indices at a time.
This is the first in a series of papers studying the kinematics and stellar populations, and their gradients, in BGGs and BCGs. At present we only have a small sample of 6 galaxies. It is therefore not possible to determine whether these galaxies follow statistically significant correlations. However, the sample is useful for an initial identification of trends that might be germane to the aforementioned issues.
We introduce our sample in Section 2 and the observations made and data reduction process in Section 3. In Section 4 we discuss our method for extracting the kinematics, Lick indices and ages and metallicities for these data. In Section 5 we discuss the results we obtain for individual galaxies before studying the relationships between the sample in Section 6 (environment), Section 7 (central stellar populations) and Section 8 (stellar population gradients). We draw our conclusions in Section 9. Throughout this paper we assume H0 = 70 km s −1 Mpc −1 , Ωm = 0.3 and ΩΛ = 0.7.
SAMPLE
The BGG and BCG galaxy samples were selected from the Group Evolution Multi-wavelength Study (GEMS; Osmond & Ponman 2004; Forbes et al. 2006 ) and the BCG sample presented in Brough et al. (2005) . In both these samples the galaxy is selected as the brightest galaxy closest to the X-ray centroid, i.e. closest to the centre of the potential well of these structures. The specific galaxies were chosen to be accessible within the Gemini telescope's 'A' (FebruaryJuly) observing semester and to cover a wide range in group/cluster X-ray luminosity. The sample of galaxies studied and the properties of their host group/cluster systems are summarised in Table 1 .
The absolute magnitudes given in Table 1 are calculated from the total Ks-band magnitudes (henceforth denoted as K) given in the 2-micron All Sky Survey Extended Source Catalogue (2MASS; Jarrett et al. 2000) . There are no independent distance measurements for our BCGs. We, therefore, convert to absolute magnitudes using luminosity distances (given in Table 1 ) calculated from the measured central recession velocities and our choice of cosmology . Due to the scatter in the absolute magnitudes of this sample, it makes no difference to our results if we use luminosity distances for the BGGs or those based on distance moduli from surface brightness fluctuation studies by Tonry et al. (2001) . The magnitudes are then K+E-corrected (i.e. also corrected for passive evolution; Yoshii & Takahara 1988) , using spectral energy distributions produced by the GISSEL96 stellar population synthesis code (Bruzual & Charlot 1993) , assuming that the galaxies are 10 Gyrs old and formed in an instantaneous burst, and have evolved passively since z ∼ 2. The correction is only −0.2 mag for our most distant galaxy (2MASX J10172568-1041206 at z ∼ 0.054) and the assumptions of age and redshift of formation have negligible effect on the correction value. The magnitudes were also corrected for galactic absorption using the maps of Schlegel et al. (1998) , these corrections are AK ∼ 0.02 mag.
We take cluster X-ray luminosities from the ROSAT-ESO Flux-Limited X-ray galaxy cluster catalogue (RE-FLEX; Boehringer et al. 2004 ). These are calculated from the ROSAT [0.1-2.4 keV] band and extrapolated to 12 times the core radius of the cluster. Our group X-ray luminosities are taken from the GEMS group catalogue (Osmond & Ponman 2004) . These luminosities are bolometric and extrapolated to the radius corresponding to an overdensity of 500 times the critical density -r500. There is one object in common between the two samples: the NGC 5044 group. This group has Log LX,GEMS = 43.09±0.01 (ergs −1 ) and Log LX,REF LEX = 43.04 (ergs −1 ). REFLEX do not provide errors on their X-ray luminosities. Therefore, we assume that the two catalogues are consistent within errors of ∆Log(LX ) = 0.05 dex.
The 3 BCGs are henceforth referred to by the name of their clusters i.e. 2MASX J09083238-0937470 -A754#1; 2MASX J10172568-1041206 -A970#1; MCG -01-27-002 -A978#1.
OBSERVATIONS AND DATA REDUCTION
We observed the 6 galaxies using the Gemini Multi-Object Spectrograph (GMOS) on the Gemini (South) telescope in long-slit mode. All 6 galaxies were observed in queue mode in early 2005; the observation parameters are summarised in Table 2 . The galaxies cover a range of surface brightnesses and the exposure times reflect this. Table 2 also gives the position angle (PA) that these galaxies were observed at, and their respective major axis, from 2MASS. We note that the spectra of NGC 3557 and NGC 5044 were taken at the position angles of their major axis whilst the spectra of NGC 3640, A754#1, A970#1 and A978#1 were taken at position angles other than their major axis, in an attempt to avoid other galaxies lying on the slit. This has an effect on the relative sizes of the galaxies at these position angles. We therefore also give the effective radius along the semi-major axis, re, of the galaxies. This is calculated from the 2MASS K-band 20 th magnitude arcsec −2 isophotal radius, rK20: Jarrett et al. (2003) show that this is proportional to re, as Log re ∼ Log rK20 − 0.4. This was transformed to an effective radius at the PA we observed, ae, using the ellipticities of the galaxies (also from 2MASS Jarrett et al. 2003) :
We also indicate the fraction of ae our radial profiles span and note that the profiles of all our galaxies extend beyond 1ae.
The GMOS slit is 5.5 ′ long and we used a slit width of 0.5 ′′ with the B600 grating. The data were binned by 2 in both the spatial and spectral directions. This set-up gave a dispersion of 0.9Å pixel −1 and a spectral resolution of ∼ 3.4Å full width at half-maximum (FWHM; ∼ 80 kms −1 ). The seeing was generally 1 ′′ and the binned pixel scale was 0.15 ′′ pixel −1 . The total wavelength range covered is ∼ 3700 − 6700Å .
We used the GEMINI/GMOS tasks in IRAF for basic data reduction. The data were then binned in the spatial direction using the STARLINK/FIGARO package EX-TRACT, to guarantee a minimum signal-to-noise ratio per A (S/N) of 60 (with the exception of A970#1, where only a S/N of 30 was possible) at the wavelength of the Hβ line. We also extracted a central aperture of size ae/8 and our slit-width of 0.5 ′′ . Reliable index estimates were obtained for 22 Lick indices from HδA to Fe5782 (Trager et al. 1998) .
Neither Lick index nor flux calibration standards were observed for this program. We therefore used standards observed on a different program using the same GMOS grating in multi-object spectroscopy mode (Pierce et al. 2006; c.f. Proctor et al. 2005) . These stellar templates were used to calculate the kinematic properties of the galaxies.
The spectra of the central aperture of each galaxy are illustrated in Figure 1 .
ANALYSIS

Kinematics
Determination of the recession velocities and velocity dispersions was carried out by cross-correlating the galaxy spectra with the stellar spectra, using the IRAF package FXCOR. As emission lines could affect the measurement of the kinematics we manually excised emission lines from the spectra using the IRAF task splot for this measurement.
We measured velocity dispersions in the central aperture of size ae/8× our slit-width of 0.5 ′′ . These are given in Table 3 , along with values from the literature. The table also indicates that the literature values are all measured in apertures of different sizes. We therefore use the equations provided in Jørgensen et al. (1995) to adjust their apertures to the size used here: ae/8. The corrected literature values are also given in Table 3 .
An accurate comparison of the central value for the velocity dispersion with literature values is difficult due to the wide range in systematic errors between studies. However, we observe an absolute mean difference between our values and the literature values corrected to our aperture (Table 3) of 21 ± 8 kms −1 (Figure 2 ). This is slightly larger than the statistical errors and provides a measure of the systematic error on our measurements. The corrected literature values Table 1 . A summary of the properties of the sample of galaxies. The columns indicate (1) galaxy name, (2) Group (NGC) or cluster (Abell) name, (3,4) the position of the galaxy, (5) the luminosity distance to the galaxy, (6) Absolute total K-magnitude from 2MASS corrected for galactic extinction and evolution as described in the text, with 1σ error, (7) System X-ray luminosity and assumed 1σ error. The columns indicate (1) galaxy name, (2) exposure time, (3) observed position angle, (4) position angle of major axis from 2MASS, (5) effective radius of major axis, re, calculated from 2MASS K-band 20 th magnitude arcsec −2 isophotal radius, (6) ellipticity of galaxy, from 2MASS, (7) effective radius along observed position angle, ae, (8) fraction of ae our radial profiles extend to. Figure 1 . The central spectra for all 6 galaxies, adjusted to the restframe. The flux scale is arbitrary. The blue and red continuum (hashed regions) and central bands (solid regions) of several important Lick indices are also indicated for information. The columns indicate (1) galaxy name, (2) central recession velocity, (3) central velocity dispersion,(4) Previously measured velocity dispersion from F (Franx et al. 1989) , D (Denicoló et al. 2005) , C (Carollo et al. 1993) , G (Gorgas et al. 1990 ), S (Smith et al. 2004) , O (Oegerle & Hoessel 1991) , (5) Aperture type (long-slit, LS, or fibre, F) and size, (6) literature value, corrected to our aperture size as per text. Table 3 ). The error bars indicate 1σ errors. The solid line indicates the one-to-one relationship. The absolute mean difference between our values and those of the literature is | σ (us) -σ (lit., corr)|= 21 ± 8 kms −1 .
are illustrated against the observations in Figures 3, 4 , 5, 7, 8 and 9
Indices
Lick indices were measured using the method described in Proctor et al. (2006; see also Proctor et al. 2004a see also Proctor et al. ,b, 2005 see also Proctor et al. , 2007 . Trager et al. (1998) and Worthey & Ottaviani (1997) index definitions were used throughout. The indices were measured at the wavelength-dependent resolution detailed in Worthey & Ottaviani (1997) .
The measured indices require correcting for velocity dispersion broadening and differences in flux calibration between the Lick system and these observations. For galaxy apertures whose velocity dispersions, when combined in quadrature with the instrumental broadening, resulted in resolutions higher than that of the relevant index in the Lick system, the spectra are convolved with an appropriate Gaussian prior to index measurement. For apertures whose velocity dispersions, when combined in quadrature with the instrumental broadening, resulted in resolutions lower than that of the Lick system, indices were corrected using a factor interpolated from indices measured in the 5 standard stars after convolving the stellar spectra with a series of Gaussians. Due to the varying resolution across the Lick system and the velocity dispersion profile of galaxies, the second correction is only applied to low resolution indices (Hβ -Fe5406) measured in the central apertures (highest velocity dispersions) of our sample.
To correct for the difference in flux calibration between observations and the Lick system and for the wavelengthdependent resolution of the Lick system, Lick indices are usually measured for Lick library stars and compared to the indices measured in the original Lick system (Worthey et al. 1994) . As no Lick standards were observed, we cannot apply these offsets. As a compromise, instead, we use the error in the mean of the offsets measured for 7 Lick standard stars observed by Proctor et al. (2004a) to add a measure of the systematic error due to our lack of flux calibration. The differences are generally smaller than the scatter and the typical rms per observation of the Lick calibrators (Worthey et al. 1994) .
The index errors were calculated combining the error from Poisson noise and the uncertainties in recession velocity and velocity dispersion. These are the random statistical errors. We also add, in quadrature, the error on the mean of the offset between the measurements of Lick standard stars and those taken on the Lick/IDS system from Proctor et al. (2004a; Table 4 ). These provide a measurement of the systematic error due to conversion onto the Lick system and are of the order of the random errors.
The indices and their errors measured for the central apertures are given in Appendix A while the indices and errors measured in the radial apertures are given in Appendix B for each galaxy.
Stellar Populations
We compare the measured Lick indices to predictions from single stellar population (SSP) models in order to estimate the relative luminosity-weighted ages and metallicities of the stellar populations and also the relative abundances of their α-elements. We use the luminosity-weighted α-element enhancement ratio defined by Thomas et al. (2003 Thomas et al. ( , 2004 -[E/Fe]. This is a proxy for the ratio of the abundances of Like many fitting routines we employed a 3σ 'clipping' process so that indices lying > 3σ from the model fit are clipped and the fit is re-iterated until there are no indices outside 3σ. Seeking stability, certain further indices were also clipped from the fitting, until removal of no single index resulted in changes significantly different from that implied when including the clipped index.
The main causes for clipping further indices were:
(1) The GMOS long-slits have two small bridges, of width 3
′′ , which result in gaps in the spectra -henceforth termed as 'chip gaps'. Depending on the redshift of each galaxy, we changed the blaze wavelength of the slit, so as to move these chip gaps into wavelength ranges without indices. However, this was not always successful and some indices were lost as a result.
(2) Sky-line residuals lying in regions an index is redshifted into.
(3) Indices whose passbands lie at some distance from the index itself (e.g. CN2, G4300, Mg1, Mg2) are subject to their continuum being incorrectly estimated, relative to the index, if the data are not flux calibrated.
(4) Emission lines contaminate the absorption indices, particularly the Balmer lines and Fe5015. We chose not to use simplistic corrections to the absorption indices to resolve this issue due to their intrinsic uncertainties (Nelan et al. 2005; Kuntschner et al. 2006) . Furthermore, the multi-index fitting method we are using enables us to measure ages from the combined age dependencies of the remaining indices (Proctor et al. 2004a) .
The extra indices clipped and the reasons for doing so are summarised in Table 5 .
The errors on the stellar population values were calculated by means of a Monte Carlo analysis: the model indices associated with the fitted Log (age), [Z/H] and [E/Fe] value were extracted and a Gaussian of width equal to the observed index errors was applied to each index. Index values were then drawn at random from that distribution and the stellar populations refitted. This was repeated 50 times and the rms of the values derived gives the errors we present below.
Previous authors examining GMOS long-slit data have noted that scattered light in the spectrograph is a significant problem that would compromise their index measurements (Norris et al. 2006 ), while Proctor et al. (2005) have shown that scattered light made negligible difference to their results. Scattered light would have the effect of lowering measured index values by applying a constant offset to the spectra, which would lead to incorrect age gradients at large radii. It is possible to examine the effects of this problem as the 2-dimensional GMOS spectrum contains 3 unexposed regions: at the bottom of the slit and 1/3 and 2/3 of the distance along the spatial direction of the image. After bias subtraction these regions should contain no flux, such that any scattered light will be evident here. Norris et al. (2006) solve this problem by interpolating across the three unexposed regions and subtracting that level from the image. We fitted a Gaussian to the three unexposed regions in our closest galaxy, NGC 3640, and subtracted that Gaussian from the 2-dimensional image. We then proceeded with our analysis as described above. We found that, with the exception of the outermost aperture, the kinematics and stellar populations measured were within the errors of our original measurements. We therefore conclude that scattered light in the GMOS spectrograph has negligible effect on the results presented below.
The derived central (within an ae/8 aperture and a slitwidth of 0.5 ′′ ) velocities and velocity dispersions are given in Table 3 and central ages, metallicities and α-index enhancements in Table 6 . We note that the central values and the results we obtain are consistent, within the errors, for values measured within re/8. The observed radial aperture measurements are given in Appendix C and are plotted in Figures 3, 4 , 5, 7, 8 and 9. The Figures illustrate the data at the position angle they were observed at. We have indicated the observed PA and illustrated the effective radius at those angles (i.e. ae) for each galaxy. For those readers interested in the major axis gradients, the transformation is given in Equation 1. The gradients illustrated in these figures were fitted with linear relationships using a χ 2 minimization with errors in the Y-direction. To avoid the uncertainties and radial flattening due to seeing effects, the data within the central 1 ′′ were excluded from the fit. We also note that there are intrinsic uncertainties in the models themselves that add a systematic error beyond that measured by our Monte Carlo analysis. These errors are not relevant when calculating gradients, or relationships within our sample, however they are relevant when comparing our results to those of other authors as in Section 5 below and in comparing our relationships with those of other studies in Section 7. In these sections we therefore add a factor of 0.1 dex in quadrature to our Monte Carlo errors as an indicator of the combined random plus systematic errors.
INDIVIDUAL GALAXIES
The kinematics and stellar populations are plotted in Figures 3, 4, 5, 7, 8 and 9 . Here we discuss the results specific to each galaxy.
NGC 3557
NGC 3557 lies at the spatial centre of the NGC 3557 group (Brough et al. 2006) . This is a dynamically mature group (e.g. Brough et al. 2006 ) with associated intra-group X-ray emission (Osmond & Ponman 2004) .
The results of the stellar population analysis of this galaxy are illustrated in Figure 3 . There is a small galaxy on one side of our slit which contaminates the spectrum from r +8.5 ′′ . These data are illustrated in the top two panels of Figure 3 as open symbols, and are not included in the calculation of the gradients. The stellar populations of NGC 3557 were also studied by Annibali et al. (2006) : Within an aperture of size re/8 and a slit-width of 2 ′′ , they found NGC 3557 to have an age of 5.8 ± 0.8 Gyrs, [Z/H]= 0.034 ± 0.004 dex and [E/Fe]= 0.17 ± 0.02 dex. In contrast, within an aperture of ae/8 and a slit-width of 0.5 ′′ we find an age of 11.2±3.5 Gyrs, [Z/H]= 0.25±0.10 dex and [E/Fe]= 0.21±0.10 dex; i.e. we find an older and more metalrich centre to this galaxy but a consistent [E/Fe] ratio. These differences are not due to the age-metallicity degeneracy as this would result in us calculating an older age but a lower metallicity. Annibali et al. (2006) apply an emission correction to their Hβ index and only use a few indices to measure their ages, metallicities and α-element enhancement ratios. Given these differences, the possibility for slit mis-alignment between the two studies, and the evidence that our method is robust to the effects of emission , thus avoiding the need to apply uncertain emission corrections, we are convinced that our method is the more robust. Below, we show that when other data are reanalysed using the same techniques and models used here, the differences between the results obtained are less significant. NGC 3557 galaxy shows extreme rotation (Figure 3) . The degree by which a galaxy is rotationally supported, in terms of that expected for a rotationally flattened, oblate spheroid is quantified by the ratio Davies et al. 1983 ). This is normally ≪ 1 for elliptical galaxies brighter than MB > −20 mag (i.e. MK > −24 mag), suggesting that these bright galaxies are supported by velocity anisotropy. NGC 3557 has MK ∼ −20.5 mag and (v/σ) * ∼ 1 (Fried & Illingworth 1994) , making it a rotationally flattened, oblate spheroid. Numerical simulations suggest that rotationally supported galaxies are formed by different formation mechanisms to galaxies that are supported by velocity anisotropy: Isotropic oblate rotators form either from major (1:1) dissipational mergers (Cox et al. 2006) or minor (3:1) dissipationless mergers (Naab et al. 2006) , whilst anisotropic galaxies are formed by major dissipationless mergers (Cox et al. 2006; Naab et al. 2006 ). However, NGC 3557 has a relatively steep metallicity gradient and an older central age, consistent with forming by collapse at high redshift while the kinematics may be a result of a dissipationless or dissipative collapse.
NGC 3640
NGC 3640 is the brightest galaxy in the NGC 3640 group. This group appears to be dynamically young as no X-ray Table 3 . The lower 4 panels show measured quantities with logarithmic radius. Here the vertical dashed line indicates the seeing radius, the dotted line indicates the effective radius at the observed position angle (Table 2 ) and the solid line the linear fit to the data (whether it is significant or not) with the gradient and 1σ error on the gradient given in the top left-hand corner of each panel. The open points in the lower 4 panels indicate the right-hand side of the galaxy and the closed points the left-hand side. The error bars are the 1σ errors from the Monte Carlo analysis described in the text. emission was detected above 3σ of the background level by ROSAT (Osmond & Ponman 2004) .
We found emission in the central arcsecond of this galaxy (consistent with Goudfrooij et al. 1994) , so the Hβ and Fe5015 indices which are heavily affected by emission were excluded from the analysis of the central two apertures. The results are illustrated in Figure 4 . Table 2 ). The caption is as for Figure 3 . Denicoló et al. (2005) studied this galaxy and found an age (within an re/8 aperture and 1.5
′′ slit-width) of 2.5
Gyrs, [Z/H]= 0.53 ± 0.13 dex and [E/Fe]= 0.12 dex. In contrast, within an aperture of ae/8 and a slit-width of 0.5 ′′ our central age = 7.5 ± 1.8 Gyrs, [Z/H] = 0.17 ± 0.10 dex and [E/Fe] = 0.18 ± 0.10 dex. We find an older and less metalrich centre to this galaxy but a consistent [E/Fe] ratio, despite using similar models to Denicoló et al. (2005) (who use the Thomas et al. 2003 models with Tripicco & Bell 1995 . Denicoló et al. (2005) apply an emission correction to their Hβ indices and only use a few indices to measure ages, metallicities and α-element enhancement ratios. They find their galaxies to be systematically younger and more metal-rich when comparing to results obtained by Terlevich & Forbes (2002) , even when using the same models. The Denicoló et al. (2005) data have been reanalysed using the same models and techniques as used here, finding an age of 4 Gyr, [Z/H]= 0.35 dex and [E/Fe]= 0.06 dex, within 1.5σ of our results. We therefore conclude that, given the different apertures involved, the un- Table 2 ). The caption is as for Figure 3 .
certainty of emission corrections and the possibility for slit mis-alignment between these studies, our results are robust.
The recession velocity profile of NGC 3640 shows indications of a possible disk in the central r ∼ 5 ′′ and of rotation: Bender et al. (1992) found (v/σ) * = 0.8 for this galaxy. This is not unusual given that MK ∼ −24 mag. NGC 3640 also has a shallow metallicity gradient and a younger central age than other galaxies in the sample. These results are consistent with NGC 3640 having undergone a dissipational merger up to 7.5 Gyrs ago.
NGC 5044
NGC 5044 lies at the spatial and kinematic centre of the NGC 5044 group. This is a large, dynamically-evolved group (e.g. Brough et al. 2006 ) with associated intra-group Xray emission (Osmond & Ponman 2004 ). X-ray observations with the XMM and Chandra satellites by Buote et al. (2003) and Tamura et al. (2003) , respectively, have shown that the hot gas in the NGC 5044 group is dominated by a cooler component of TX ∼ 0.7 keV within a radius of 10 kpc (r 63 ′′ ) and by a warmer component of TX ∼ 1.4 keV beyond a radius of 40 kpc. The cooler component is similar to the kinetic temperature of the stars in the central galaxy suggesting the presence of stellar ejecta from NGC 5044 itself, while the hot phase is more characteristic of the halo of the group.
NGC 5044 is particularly interesting as, despite appearing in the optical as a very ordinary elliptical, it has been found to have very bright ionized gas emission, extending to radii of 40 ′′ in large filaments (Goudfrooij et al. 1994; Macchetto et al. 1996) . Caon et al. (2000) compared the kinematics of the gas emission to that of the stellar component, finding the gas velocity profile to be very irregular at the 3 position angles (PA) that they studied and that the gas is systematically blue-shifted with respect to the stellar velocity profile by ∼ 60 − 100 kms −1 , i.e. the gas is not in dynamical equilibrium. They concluded that the gas has recently been accreted from outside of the galaxy.
Following Caon et al. (2000), we examined the gas emission by fitting a Gaussian profile to the [NII]λ6583.6 line using the IRAF task splot. This line is the strongest and most prominent throughout the galaxy. We also examined the Hα and [OIII] lines -finding them to have similar equivalent width and recession velocity profiles as [NII]λ6583.6. Figure 6 shows the equivalent width of the [NII]λ6583.6 line and the gas kinematics we derived, with respect to those from Caon's PA = 10
• spectra. We observe significant emission across all radii we study, including highly broadened Hα emission in the central two apertures (Figure 1 ). We also observe the same central blue-shifting of the emission as Caon et al. (2000) , despite the different position angle observed. The blue-shifted gas emission with respect to the stellar suggests that there is an outflow of material over these radii. This could be from a jet linked to the low-luminosity (flux at 1.4 GHz = 0.0347 Jy) compact (r ∼ 1 ′′ ) nuclear radio source observed by Condon et al. (1998) and the X-ray observations of Buote et al. (2003) . The offset in emission velocities between this study and that of Caon et al. (2000) outside the central 5 ′′ is easily understood as a result of the different position angles observed and the filamentary nature of the observed Hα emission.
In order to determine whether the emission from NGC 5044 is due to star formation or an AGN we examine the radial distribution of the [NII]/Hα ratio ( Figure 6 ) and find it to be 1.5 over most of the galaxy, peaking at 3-6 in the central r < 5 ′′ . Examining the diagnostic diagrams of Kewley et al. (2006) it is clear that all galaxies with [NII]/Hα > 1 are AGN. Our findings are consistent with Rickes et al. (2004) who concluded that in the central r < 1 kpc the ionization source must be an AGN.
The presence of a low-luminosity nuclear radio source and low-temperature central X-ray component, in addition to the broadened Hα emission, blue-shifted gas emission and high [NII]/Hα ratio we observe here lead us to believe that NGC 5044 contains a low-luminosity AGN at its centre, with a jet pointing towards us.
Due to the presence of emission throughout this galaxy, and the resulting exclusion of the Balmer lines, this was one of the more difficult galaxies to fit, resulting in a noisy profile ( Figure 5 ). We do, however, note good agreement with Rickes et al. (2004) and Annibali et al. (2006) for the old central age of this galaxy: Rickes et al. (2004) fit 3 old components (age = 10 Gyrs) with different metallicities to the spectrum of NGC 5044 and compare that fit to one with solar metallicity and 3 different age components, finding that the spectra are better fitted by a range in metallicity than a range in age. Annibali et al. (2006) use a similar comparison of Lick indices to SSP models as we do here and, within an aperture of re/8 and a 2 ′′ slit-width, they find NGC 5044 to have an age of 14.2 ± 10 Gyrs, consistent with our central age of = 15.0 ± 3.9 Gyrs (this is the maximum age modelled). Caon et al. (2000) observe counter rotation of the central regions of NGC 5044 with respect to the outer regions: The inner r 15 ′′ is counter-rotating in their PA= 10
• spectra. This is consistent with the r ∼ 10 ′′ region counterrotating in our spectra (PA= 20
• ). They also see signs of a further nuclear counter-rotating component within this region of radius ∼ 2 ′′ . We do not observe this nuclear counterrotating component. However, we do note that the errors in our recession velocity and velocity dispersion measurements increase significantly within this region, suggesting that we do not have the velocity resolution to resolve this structure.
Despite the counter-rotating centre and gas emission, we found no correlation of age, metallicity or α-element enhancement with these features. The lack of a visible population of young stars, despite significant emission, is further evidence for this being an AGN and not a starburst galaxy. NGC 5044 also has a very shallow metallicity gradient, suggesting it has undergone at least one, likely to be dissipative, merger event.
A754#1
The Abell 754 cluster consists of two major condensations -the most massive to the North-West containing the BCG and another 16 ′ to the South-East, consistent with there having been a recent collision of two smaller clusters (Zabludoff & Zaritsky 1995) . It also contains a weak cooling flow (White et al. 1997) .
No previous age or metallicity measurements have been made of this galaxy or the other two BCGs of this sample.
We find this galaxy to be uniformly old ( Figure 7 ), with a steep metallicity gradient, suggesting that the BCG has not undergone any merger event since its formation at high redshift. This also suggests that the BCG has not been affected by the cluster-cluster merger observed in the distribution of the X-ray emitting gas and optically observed galaxies by Zabludoff & Zaritsky (1995) .
A970#1
The Abell 970 cluster, together with Abell 978, is a member of the Sextans supercluster (Einasto et al. 1997 ) and was found to have a weak cooling flow by White et al. (1997) . The cluster was studied in detail by Sodré et al. (2001) who found A970#1 to lie at the spatial and kinematic centre of the cluster. They also found evidence for a galaxy group having recently fallen into the cluster. We find A970#1 to be uniformly old with a steep metallicity gradient (Figure 8 ). This suggests that, like A754#1, A970#1 has not undergone any merger event since its formation at high redshift. There are no signs of star formation, suggesting that the infall of the group into this cluster has had no effect on the BCG.
A978#1
A978#1 was found to have a recession velocity of V0 = 16263 ± 44 kms −1 by the ESO Nearby Abell Cluster Survey (Katgert et al. 1996) . This places it at the kinematic centre of the Abell 978 cluster as defined by Struble & Rood (1999) .
The Abell 978 cluster has been found to have a cooling flow (Sarazin 1986) but no cold molecular gas was observed to be associated with it (Salomé & Combes 2003) , suggesting that the cooling flow is not cooling sufficiently to form stars.
A978#1 shows strong rotation ( Figure 9 ), very unusual in such a massive galaxy (MK ∼ −26.5 mag). We also find it to have a slightly younger central age, consistent with the observed low central α-element enhancement ratio. We also note its shallow metallicity gradient. These results all suggest that this galaxy has undergone a merger event. If this merger event was dissipative it must have happened leq10 Gyrs ago, however if it was a disspationless merger it could have occurred more recently. Table 2 ). The caption is as for Figure 3 . Table 7 . Linear fits to the relationships with environment. The significant relationships are illustrated in Figure 10 .
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RELATIONSHIP WITH ENVIRONMENT
Here we examine the dependence of BGG and BCG mass on the X-ray luminosity of their host group/cluster environment. X-ray luminosity is directly related to the density of the intra-group/cluster medium and therefore provides a quantitative measure of the density of the environment these galaxies reside in. In Figure 10 we compare the central velocity dispersions and absolute K-band magnitudes of the galaxies with the X-ray luminosity of their host environment. We fit linear relationships to these data using χ 2 - Figure 8 . The radial profiles for A970#1, measured along a PA of 177 • (major axis = 45 • ; Table 2 ). The caption is as for Figure 3 .
minimization with errors in the Y-direction. We note that we only have an upper limit for the X-ray luminosity of the NGC 3640 group. It is possible to use the statistical tool of survival tasks to take upper (and lower) limits into account when fitting data (e.g. O'Sullivan et al. 2001; Brough et al. 2006) . However, these tasks rely on there being values below the upper limit given and also assume that the upper limits are randomly distributed with respect to the independent parameter, neither of which are true here. We therefore fit to the X-ray luminosity of NGC 3640 as we do to the other X-ray luminosities, rather than as an upper limit. The fits are given in Table 7 . As a measure of whether or not these relationships are significantly different from the null hypothesis of no relationship, we take a relationship to be significant if the fitted gradient is at least a factor of 3 greater than the 1σ error on that gradient (i.e. 3σ gradient ). In this and other plots in this paper, we only plot the significant relationships. We also examined the relationships with the dynamical mass of these galaxies, measured as ∝ σ 2 0 re, and did not find these relationships to be more or less significant than the relationships with σ0. We therefore only Table 2 ). The caption is as for Figure 3 .
illustrate the relationships with σ0 in this paper. The individual panels are discussed separately below:
A. Log (σ0) -Log LX : We see the suggestion of a trend between the central velocity dispersions of these galaxies and the X-ray luminosity of their host cluster: Galaxies in higher density clusters are more massive. The BCGs generally have higher velocity dispersions than the BGGs (Table 3). However, this relationship is not statistically significant (i.e. only 2σ gradient ).
B. MK -Log LX : We observe that more X-ray luminous systems contain brightest group/cluster galaxies that are intrinsically brighter in the K-band than less X-ray luminous systems. This is consistent with studies of BCGs by Edge (1991) and Fisher et al. (1995a) , and the results for BGGs found by Brough et al. (2006) . However, it is in contrast to Brough et al. (2002) who found BCGs at redshifts < 0.1 in clusters with X-ray luminosities LX < 1.9 × 10 44 erg s −1 to exhibit a wide range of scatter in their absolute K-band magnitudes. The BCGs studied here are part of the Brough et al. (2002) sample, and therefore lie within the scatter they observed. However, the Brough et al. (2002) sample was significantly larger (92 BCGs with z < 0.1). In Figure 10 . The relationship between the X-ray luminosity of the host system, L X , and proxies for galaxy mass: central velocity dispersion (σ 0 , panel A) and absolute K-band magnitude (M K , panel B) and the relationship between the two mass proxies, i.e. the Faber-Jackson relation (panel C). The error bars indicate 1σ errors, the arrow indicates the upper limit in L X measured for the NGC 3640 group. The solid lines indicate linear fits to our data that are statistically significant (all the fits are given in Table 7 ). Brough et al. (2006) the correlation of the K-band luminosities of BGGs with the X-ray luminosity of their host group was driven by groups without extended group-scale X-ray emission detected (i.e. the X-ray luminosity of their host group was either solely that associated with the BGG itself or X-rays were not detected above 3σ background ). We therefore conclude that the difference between this study and Brough et al. (2006) , and that of Brough et al. (2002) is due to the smaller sample studied here and the inclusion of a BGG in a group without extended group-scale X-ray emission. We intend to investigate this issue in more detail with a significantly larger sample in a future paper.
C. Log (MK -σ0): Given that we are assuming that both central velocity dispersion and absolute K-band magnitude are good proxies for galaxy mass, we examine the relationship between them (the Faber-Jackson relation; Faber & Jackson 1976) here. BCGs have previously been found to lie off the Faber-Jackson relation for normal ellipticals at optical wavelengths, having brighter magnitudes than would be predicted by their velocity dispersions (e.g. Oegerle & Hoessel 1991; Bernardi et al. 2006b ). Figure 10 illustrates that we find galaxies with larger velocity dispersions to be brighter, such that MK ∝ σ −10.5±0.06 . Globally the only differences between BGGs and BCGs are the lower velocity dispersions and fainter absolute Kband magnitudes and, therefore, lower mass of the BGGs.
From the predictions of dLB we would expect BCGs to increase in mass in step with their host system. The trend of absolute magnitudes with cluster X-ray luminosity is, therefore, consistent with their predictions. However, it is surprising to note that galaxy velocity dispersion is only weakly related to cluster X-ray luminosity, as we would expect a much stronger correlation than this from the semi-analytic predictions. Figure 11 . The significant relationships from the lower section of this table are illustrated in Figure 12 .
Relationship (Y-X) Gradient Intercept rms 
CENTRAL STELLAR POPULATIONS
Dissipative collapse scenarios predict that elliptical galaxies formed as a result of the collapse of gas clouds at z 3 and have evolved quiescently since (e.g. Eggen et al. 1962; Larson 1974; Carlberg 1984; Arimoto & Yoshii 1987) . In this scenario we expect to observe consistently old ages, with metallicities that scale with mass, high α-enhancement ratios and no dependence of these quantities on environment. In the hierarchical model of structure formation, elliptical galaxies are formed by mergers and accretion events over a Hubble time. If there is sufficient gas present in the progenitor galaxies then the mergers will induce star formation. dLB predict dissipationless mergers in the recent assembly of BCGs. Therefore, if their predictions are correct, we would expect to observe no correlation of metallicities with environment and no signs of star formation in the last ∼ 5 Gyrs.
In the sections below we present the stellar population trends exhibited by our sample of galaxies. To compare with studies of the central values of ages and metallicities in normal early-type galaxies we use the measurements derived for the inner ae/8 of our galaxies (i.e. an aperture ae/8 × 0.5 ′′ ). These values are given in Tables 3 and 6 . We note that three of our galaxies have hit the maximum age modelled of 15 Gyrs (Log (age)= 1.175 dex).
In Figure 11 we examine the relationships between the central stellar populations and their host environment. Linear relationships were fitted to the data and are given in the upper section of Table 8 . The significant relationship is illustrated in Figure 11 . Each panel is discussed individually below:
A. Log (LX ) -Log (age)0: Semi-analytic models of hierarchical galaxy formation predict galaxies in the field have younger ages than those in clusters (Kauffmann & Charlot 1998) : The dense central regions of the most massive clusters contain the oldest galaxies at any redshift.
We see that the galaxies in the 5 most X-ray luminous systems have very similar, old, ages, while the galaxy in the group without observed extended X-ray emission has the youngest central age. This is consistent with the results found for early-type galaxies in different environments by Rose 
B. Log (LX ) -[Z/H]0:
We observe no relationship between central metallicity and environment, consistent with observations of normal early-type galaxies by Bernardi et al. (2006a) and Smith et al. (2006) , but in contrast to Rose et al. (1994) ; Proctor et al. (2004a) ; Thomas et al. (2005) ; Annibali et al. (2006) .
We observe no relationship of central [E/Fe] with environment, consistent with studies of early-type galaxies by Thomas et al. (2005) and Annibali et al. (2006) . Smith et al. (2006) find a significant trend with cluster-centric radius, after removing the relationship with galaxy mass. The result found here then suggests that, at the cluster centre, the [E/Fe] ratio does not depend on cluster density. Figure 12 illustrates the relationships between the central stellar populations themselves. We also plot the significant relationships between our parameters (solid lines; Table 8 ). For comparison we have also illustrated the regions in which normal early-type galaxies lie in the relationships with velocity dispersion in high-density environments from Thomas Table 8 ). The shaded areas indicate the regions in which early-type galaxies lie in the relationships from Thomas et al. (2005; panels A, B, D) and Proctor et al. (2004a; panels C, E) .
trate regions in which normal early-type galaxies lie in the relationships with age from Proctor et al. (2004a; panels C, E) . Proctor et al. (2004a) studied galaxies in the field and loose groups, i.e. low-density environments. The individual panels are discussed below:
A. Log σ0 -Log (age)0: We observe that the 5 most massive galaxies have very similar masses and central ages, whilst the least massive galaxy, NGC 3640, has a much lower central age. As this is a luminosity-weighted central age, this means that the central stars of NGC 3640 are either, all 7.5 Gyrs old, or there is a small fraction of stars younger than 7.5 Gyrs superimposed on an older stellar population. Our sample is consistent with the ages measured for earlytype galaxies in high-density environments by Thomas et al. (2005) . The trend of older ages in more massive galaxies is consistent with studies of early-type galaxies by Trager et (2006) we observe no relationship of mass with metallicity for the galaxies in this sample. However, we do note that our galaxies are consistent with the relationship followed by normal early-type galaxies in high-density environments from Thomas et al. (2005) . Therefore, the lack of a strong trend is likely due to the small size of our sample and the small range in central velocity dispersion probed.
C. Log (age)0 -[Z/H]0: We do not observe a relationship between metallicity and age. However, we do note that our galaxies are consistent with the early-type galaxies studied by Proctor et al. (2004a) E. Log (age)0 -[E/Fe]0: We observe no relationship between age and α-element enhancement ratio. However, our sample is consistent with the values found for normal early-type galaxies by Proctor et al. (2004a) . A relationship of age with [E/Fe] (2000) found [E/Fe] to depend on σ, not age for their sample of early-types.
Summary
Our sample of BGGs and BCGs are very uniform in their velocity dispersions (masses) and stellar populations. We find one galaxy to be 8 Gyrs old, while the remaining galaxies have a small range of central ages of 11-15 Gyrs.
We find that the age of these galaxies correlates with the X-ray luminosity (i.e. hot gas density) of their host cluster environment. We also find that the more massive galaxies are older than the least massive galaxy.
Comparing our results to those obtained for other early-type galaxies, we find that the stellar populations of these galaxies are consistent with those of normal early-type galaxies. This result is substantiated by von der Linden et al. (2006) who recently studied BCGs in the Sloan Digital Sky Survey. They found that, at the same stellar mass, the stellar populations of non-BCGs and BCGs are very similar, with the exception of their α-element enhancement ratios. They found these to be ∼ 0.15 dex higher in BCGs (at our mean velocity dispersion). This difference is not visible in our sample, however, their sample is ∼ 100× larger.
These results suggest that BGGs and BCGs have a similar stellar content and possibly star formation history to other early-type galaxies.
The lack of a relationship between the central metallicities and α-element enhancement ratios of these galaxies and their host environment and the uniformity of the metallicities and α-element enhancement ratios is consistent with both a dissipative collapse and the hierarchical merging predictions of dLB. The range of ages observed, and their relationship with the host cluster environment, is only consistent with the predictions of dLB. It is possible that we can discriminate between these models by studying the radial gradients in the stellar populations of these galaxies.
RADIAL GRADIENTS
In this section we examine whether the galaxies in our sample show evidence of radial gradients in their stellar populations and velocity dispersion and, if so, in what sense (positive or negative). Formation by dissipative collapse predicts strong negative metallicity gradients (i.e. metallicity decreases with increasing radius) that correlate with galaxy mass (Chiosi & Carraro 2002; Kawata & Gibson 2003) , negative α-element enhancement gradients, and small positive to null age gradients. The predictions of dLB lead us to expect negative metallicity gradients that are shallower in more massive galaxies and in higher density environments.
The fitted gradients are given in Table 9 and the gradients themselves are illustrated in Figures 3, 4 , 5, 7, 8 and 9. These are measured within the effective radius at the observed position angle, i.e. ae, given in Table 2 , and illustrated as the vertical dotted lines in Figures 3, 4 , 5, 7, 8 and 9. We note that if we use the whole galaxy profile neither our gradients (within the errors) or our results are affected. Following our method for examining the relationships fitted to this sample; as a measure of whether or not these gradients are significantly different from the null hypothesis, we take a gradient to be significant if it is at least a factor of 3 greater than the 1σ error on that gradient (i.e. 3σ gradient ). Table 9 indicates that where a significant velocity dispersion gradient is observed, it is negative (i.e. velocity dispersion decreases with increasing radius) but that 5 galaxies in our sample (the exception being NGC 3557) have velocity dispersion gradients consistent with zero. Fisher et al. (1995a) also found that, with the exception of IC 1101 in the Abell 2029 cluster, the velocity dispersion gradients of their sample of 13 BCGs are negative. Examining velocity dispersion gradients to larger radii, Carter et al. (1999) found 1 out of their sample of 3 BCGs (NGC 6166 in the Abell 2199 cluster) to have a positive velocity dispersion gradient. Rising velocity dispersion profiles have been taken as evidence for the existence of high mass-to-light ratio components in these galaxies (Dressler 1979; Carter et al. 1981 Carter et al. , 1985 . These are clearly not present in this sample over the radii examined here.
Velocity Dispersion Gradients
Age Gradients
Our sample show small age gradients that are both positive and negative, but only 2 galaxies have significant age gradients (NGC 3557 and A970#1) . This is consistent with the results of Mehlert et al. (2003) in their sample of earlytype galaxies in the Coma cluster, Sánchez-Blázquez et al. (2006b) in their high-density environment early-type galaxy sample and also with the results of Sánchez-Blázquez et al. (2006c) for early-type galaxies in the field, groups and Virgo cluster environment. However, significant, positive, age gradients (i.e. young central ages and older outer regions) have been observed by, for example, Proctor et al. (2005) in the isolated elliptical galaxy NGC 821, and also by Sánchez-Blázquez et al. (2006b) in a larger sample of normal early-type galaxies in low-density environments. Positive age gradients suggest recent episodes of secondary star formation in the centres of galaxies. A lack of significant age gradients, together with the, generally, old central ages of BGGs/BCGs indicates that these galaxies have undergone few recent episodes of star formation. 
α-element enhancement gradients
Only 2 galaxies have significant α-element enhancement gradients (NGC 3557 and A978#1) . This is consistent with Mehlert et al. (2003) who observe no significant α-element enhancement gradients in their sample of 35 earlytype galaxies in Coma and with the study of the isolated elliptical galaxy NGC 821 by Proctor et al. (2005) . In contrast, Sánchez-Blázquez et al. (2006c) find significant gradients that are both positive and negative in field, group and Virgo cluster early-type galaxies. Current models of the chemodynamical evolution of galaxies are currently unable to reproduce galaxies with flat [E/Fe] gradients (e.g. Matteucci & Francois 1989; Chiappini et al. 2001; Pipino & Matteucci 2004; Pipino et al. 2006 ).
Metallicity Gradients
We find that our sample covers a wide range of metallicity gradients. The self-consistent numerical GRAPE-SPH simulation of elliptical galaxy formation by Kobayashi (2004) found the mean metallicity gradients for galaxies produced by dissipative collapse (which includes minor dissipative mergers as the results are similar) and those produced through major mergers are: ∆[Z/H]/∆logr ∼ −0.30 (collapse) and ∼ −0.22 (major merger). Individually, the metallicity gradients suggest that three of the galaxies in our sample have dissipative collapse origins (i. Any correlation of the gradients with mass is a further means by which to distinguish between the models of galaxy formation. In Figure 13 we show metallicity gradients as a function of proxies for galaxy mass, i.e. velocity dispersion, σ0, and absolute K-band magnitude, MK . We observe a tentative relationship between the metallicity gradient and the velocity dispersion: more massive galaxies have steeper gradients. However, we do not observe a relationship with MK . Forbes et al. (2005) found a weak correlation with σ0 and MK in the same sense as we observe here for a sample of early-type galaxies. Sánchez-Blázquez et al. (2006c) observe a turnaround in this relationship at σ0 ∼ 180 kms −1 (Log(σ0) = 2.2): Normal early-type galaxies with velocity dispersions less than this have gradients that steepen with increasing velocity dispersion, as expected from models of dissipative collapse and galaxies with velocity dispersions more than this value have shallower gradients, as expected for merger remnants. Examining a larger sample of earlytype galaxies, Ogando et al. (2005) conclude that there is an increase in the scatter of this relationship above the same velocity dispersion, such that more massive galaxies show a wider range of metallicity gradients, and hence a wider range of evolutionary paths, than less massive galaxies. Our sample lies within the scatter of the data analysed by Ogando et al. (2005) , suggesting that the opposite trend we observe is due to the small size of our sample.
In Figure 14 we show the relationships of the metallicity gradient with other galaxy properties, each panel is discussed individually below:
We observe a relationship between the metallicity gradient and the central metallicity such that galaxies with steeper gradients are more centrally metal-rich. Mehlert et al. (2003) also found a weak hint of a correlation for early-type galaxies in the Coma cluster.
B. Log (age)0 -∆[Z/H]/∆Logr: We find that galaxies with old central ages have a wide range of metallicity gradients. Previous research on normal early-type galaxies observed that galaxies with younger central ages have steeper metallicity gradients (e.g. Sánchez-Blázquez et al. 2006b,c; Kuntschner et al. 2006 ). However, our galaxies extend to older ages than these samples. The increased scatter at older ages illustrates the range of evolutionary histories these massive galaxies must have had.
C. Log (LX ) -∆[Z/H]/∆Logr: We observe a relationship such that galaxies in more massive clusters have steeper metallicity gradients, consistent with Sánchez-Blázquez et al. (2006b) .
Summary
In contrast to the uniformity of the central stellar populations of our sample of BGGs and BCGs, we observe them to have a wide range of metallicity gradients. We find steeper gradients in galaxies with higher velocity dispersions, higher central metallicities and in galaxies with older central ages. The metallicity gradients are also steeper in galaxies in clusters with high X-ray luminosities.
We find no significant velocity dispersion, age or α-element enhancement ratio gradients in our BGGs or BCGs. Table 10 ).
These results are consistent with studies of normal early-type galaxies in high-density environments. However, given the homogeneous environment that these galaxies sample, and the small dispersion of their luminosities, ages and masses, the range of metallicity gradients we observe is surprising. Even more surprising is the fact that the steepest gradients are found in the most massive galaxies and most X-ray luminous clusters.
We postulate two possible evolutionary scenarios that could produce the range of gradients we observe and the relationships that they follow:
If simulations of the formation of galaxies and the effects of mergers on their metallicity gradients are correct (e.g. Kobayashi 2004 ), then we expect galaxies that collapsed at z > 2 through the assembly of many, large, gas-rich galaxies, to display steep metallicity gradients, high central metallicities and old central ages today. These galaxies would also have shallow age and α-enhancement ratio gradients. However, if these galaxies undergo major mergers at z < 2 then the stellar populations observed today will depend on whether the merger induced star formation or not: If the merger did induce star formation then the merger would mix up the stellar populations, washing out the metallicity gradient, but the induced star formation would increase the central metallicity again. In this scenario we would observe shallower metallicity gradients, average central metallicities and the central ages would depend on when the last merger occurred. The galaxies might also have positive age and α-enhancement ratio gradients, depending on when the collapse occurred. In contrast, if there was no star formation induced in the merger, then the merger would wash out the metallicity gradient without adding a new population of stars. Therefore, we would observe shallower metallicity gradients, low central metallicities and old central ages today, even if the merger was a recent event. These galaxies would also show shallow age and α-enhancement ratio gradients. A combination of these various evolutionary histories are necessary to explain the relationships we observe with central metallicity (Figure 14 A) and age (Figure 14 B) .
However, the models of metallicity gradients have not been thoroughly tested on observations and it is also possible to explain these observations through a scenario in which galaxies assemble at high redshift with different efficiencies: In this scenario all the galaxies form at high redshift (> 10 Gyrs ago, z > 2) and, if the star formation efficiency remains the same, steep metallicity gradients are a result of galaxies assembling quickly from many gas-rich galaxies and passively evolving since, similar to the model above. Shallower gradients are then a result of the galaxies assembling more slowly (at z ∼ 2) from a larger number of less gas-rich galaxies. This slower assembly allows the stellar populations to mix more efficiently, resulting in shallower gradients. As the assembly takes place relatively quickly at high redshifts this would also result in small age or α-element enhancement ratio gradients and uniform central stellar populations. NGC 3640 would still have had to undergo a relatively recent gaseous merger to explain its younger central age. This scenario is similar to the merger picture outlined above. The main difference is of timing -whether the galaxies assembled at z ∼ 2 with little activity since, or over longer periods of time with either wet or dry major mergers occurring more recently.
It is also relevant to ask whether it is likely that some of the mergers occurred without any associated star formation? Figure 9 of dLB shows that, although the progenitors of BCGs since z ∼ 3 are gas-poor, some still have non-zero gas fractions, consistent with observational evidence that most elliptical galaxies contain some cold gas (Morganti et al. 2006 ). Therefore, it seems unlikely that even these most massive galaxies would undergo 'star formation-less' mergers, despite their properties (e.g. structure, rotation; Fisher et al. 1995a; Brough et al. 2005; Bernardi et al. 2006b ) being consistent with purely dissipationless models of galaxy formation (e.g. Boylan-Kolchin et al. 2006; Cox et al. 2006; Naab et al. 2006) . These small gas fractions are likely to induce small amounts of star formation in the centres of galaxies that, although not apparent in photometry, would be visible in their spectra. We are clearly not observing such star formation.
The relationship of the metallicity gradients with cluster X-ray luminosity then suggests that the range of gradients amongst these galaxies is driven by their host cluster environment. This is either due to the lower probability of mergers since z ∼ 2 in the high velocity dispersion cluster environment, or a higher efficiency of assembly in the same environments at z > 2.
It is not possible to determine between these two scenarios with only 6 galaxies. However, these observations are inconsistent with these galaxies forming simply through dissipative collapse or a series of dissipationless mergers with massive galaxies at recent times, like the predictions of semianalytic models of hierarchical galaxy formation (e.g dLB). However, they do qualitatively agree with the results of purely N-body simulations of dark matter evolution in a Lambda Cold Dark Matter Universe, where the merger rates in massive cluster haloes are significantly higher than those in group-sized haloes at redshifts > 2, but the situation is reversed at redshifts < 1 (Gottlöber et al. 2001 ).
CONCLUSIONS
We have examined the kinematics and stellar populations of a sample of 3 BGGs and 3 BCGs in X-ray groups and clusters. We have found:
1. The central stellar population of BGGs and BCGs are remarkably similar to other early-type galaxies in highdensity environments, being indistinguishable in terms of their central metallicities and α-element enhancement ratios.
2. On the other hand we find a wide range of metallicity gradients, suggesting that these galaxies have had very different assembly histories.
With a sample of only 6 galaxies, and the scatter observed in these trends for other early-type galaxies, a larger sample is necessary to confirm some of the trends we have observed. However, the similarity of the stellar populations of BCGs with those of normal early-type galaxies and the range of metallicity gradients we observe cannot simply be explained by cosmic variance. In particular, the range of metallicity gradients observed is more significant for our small sample size.
Our observations suggest that BCGs formed at redshifts z > 2 and that they must have followed a range of evolutionary histories, dependent on the density of their host cluster. Their evolutionary path could either be a result of the probability of mergers in the cluster environment since z ∼ 2, or the efficiency of galaxy assembly in those environments at earlier times (z > 2).
A lower merger frequency with higher cluster Xray luminosity is consistent with the findings from nearinfrared photometry of BCGs by Brough et al. (2002) and Brough et al. (2005) , that BCGs in high-mass clusters assembled their stellar mass at redshifts > 1, and have been passively evolving since, in contrast to BCGs in lower-mass clusters which appear to still be in the process of merging today. This is also consistent with that of N-body simulations (Gottlöber et al. 2001 ) where more mergers occur for galaxies in clusters than for galaxies in groups at z > 2, but that situation reverses at redshifts < 1.
A higher assembly efficiency is consistent with observations of large samples of early-type galaxies in various environments by, for example, Terlevich & Forbes (2002) , Thomas et al. (2005) and Bernardi et al. (2006a) . They showed that massive galaxies form earlier and faster than less massive galaxies. They suggest that galaxies in lowdensity environments form ∼ 1 − 2 Gyrs after those in highdensity environments, and that these galaxies are more likely to suffer star formation episodes since z ∼ 1.
BCGs are a special case of the population of Luminous Red Galaxies (LRGs). The evolution of this population since redshifts z ∼ 1 has been studied independently, and the results to date have been contradictory: Wake et al. (2006) did not find evidence for evolution beyond that expected from passive ageing since z ∼ 0.6 in the luminosity function of their LRGs. They also find their luminosity functions to be consistent with those of Faber et al. (2005) ⋆ ) LRGs. Either our merger or assembly alternatives for BCGs are consistent with these contradictory findings for the evolution of the whole LRG population. We also note that the Gemini Deep Deep Survey finds that the most massive galaxies have already assembled by z ∼ 1 − 2 (Glazebrook et al. 2004 ). Theoretically, our result that these most massive galaxies cannot all have formed through simple dissipative collapse, or through a series of dissipationless mergers with massive galaxies at recent times, is inconsistent with any single model of galaxy formation. These results clearly drive the need for more theoretical understanding of both the formation and evolution of stellar population gradients and of galaxy formation itself.
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APPENDIX A: CENTRAL APERTURE INDICES
Tables with indices measured in the central ae/8 aperture and their errors per galaxy. This paper has been typeset from a T E X/ L A T E X file prepared by the author. Table C4 . Derived parameters and errors per aperture for A754#1.
